inaccuracies will be lost in averaging out. You will see that my view is towards precision in approach and measurement. I would like to present a particular example which is important in assessing disability and which, at first sight, would seem to present particular difficulties.
Behavioural Factors
We all know that it is the patient's attitude which often determines whether or not he can be successfully rehabilitated from some chronic disability. Wolff (1968) has made a special study of the behavioural factors.
(1) Motivation of the patient for treatment and rehabilitation: This depends on a number of factors such as the incentive to the patient to get over his problem, whether in fact such success is possible, and the resources that the patient has at his command. The goal to be aimed at must be seen from the viewpoints both of the patient's perception of the effort required and also of the objective likelihood of his attaining that goal. With arthritic patients, relevant factors are the attraction for the patient of such things as improved range of movement, greater stability, less pain, functional improvement, and so on. Will the treatment make these goals attainable and, even more important, make the patient believe that they are attainable? Does the patient possess the resourcesphysical, psychological or socialto attain the goal, and, even more important, does he believe himself capable of attaining it.
(2) The patient's cooperation and participation in treatment and rehabilitation: The patient's cooperation can range from active participation to downright opposition. Assessments ofthe patient's likely degrees of cooperation are particularly important for those who have to perform vigorous and sometimes painful physical exercises. It may be necessary to evaluate this for each specific step because a patient may be happy to participate in some, but not all, aspects of his retraining.
(3) Psychological, social, vocational and cultural factors: Emotional dependancy, secondary gains from physical disability and family overprotection are variables which tend to weaken the patient's resolve towards rehabilitation. Emotional maturity, financial pressures &c. are usually helpful in encouraging people towards rehabilitation.
(4) Intelligence: In itself this appears to be unimportant for motivation and cooperation in rehabilitation, providing, of course, that the patient is not mentally defective. On the other hand, intelligence tests are obviously useful for training for vocational work.
Such studies form part of behavioural science, with which doctors seem unfamiliar; it does, I think, fall within the terms of reference of clinical measurement as applied to problems of disability.
Who are the behavioural scientists? First, there is the clinical psychologist, who uses interviews and psychological tests for assessment of the patient. Social workers interview the patients and their families and employers to determine the psychosocial history. Disablement officers can take a detailed work history, contact employers for additional information and work closely with physiotherapists and occupational therapists. An anthropologist can study the patient's ethnic, cultural and social background and assess how he and his family react to disease and medical care. Quantification of all this information is obviously of great relevance to rehabilitation.
Conclusioet
It has now become essential in assessing disability to obtain objective parameters and to apply the techniques of clinical science in assessing them. It is important to be specific and to define carefully the problem and relevant tests. Advances in the study of renal disease have come about through detailed study of renal biopsies and analysis of the different pathological entitiesnot by treating renal failure as one condition; and in cardiac disease by catheterization and determination of the pathophysiology of different cardiac problemsnot by treating heart failure as an entity. The same approach must be made with problems of disability. Techniques of Gait Analysis Disability in the lower limb manifests itself by the increasing difficulty which the patient experiences in trying to walk. Clinically one needs to assess the condition of the patient and any changes in this condition, whether resulting from aggravation of the disease or from effective clinical treatment. Obviously a technique which can give a quantitative assessment of locomotion would be a valuable asset in clinical practice. The major difficulty in this is that locomotion is such a complicated process involving many physical parameters.
(1) Range of movement at joints: This can be measured fairly easily in the relaxed patient by inducing passive movements but the movements which are tolerable in these circumstances may not be the relevant ones when the articulations have to transmit load, as they do in locomotion.
(2) Force: It must be possible by means of the muscles to develop forces, i.e., the muscles should be in a state of normal physiological function and the neuromuscular control system must be present. Also the joints should be able to transmit without discomfort the forces due to muscle and the weight of body parts.
(3) Information: Sufficient sensors should be working for the individual to be aware of his position in space and of the occurrence of potentially unstable situations.
(4) Response: The control systems for the muscles should have a sufficiently short reaction time so that sufficient force is developed in appropriate (5) Energy: The cardiovascular system must be able to make available the energy required.
All of the above quantities are relevant to locomotion and yet I know of no research laboratory which has made the attempt to measure all of these simultaneouslycertainly it is not possible to do so in a clinical situation.
Yet, for the complete assessment of locomotion performance, one must be aware of all these factors.
It is possible to measure some of the relevant parameters without having the patient walking. To assess locomotion itself the easiest measure may be the time required by the patient to walk a given distance or complete a specified circuit. This obviously depends on all the parameters listed but is a symptomatic index which does not indicate the basic cause of the disability.
One can also use time as the basis of measurement in a more refined manner by assessing the cadence or interval between successive foot contacts, as when a patient or friend walking along a corridor can be identified by sound alone. Obviously cadence can be measured scientifically and used as an assessment of the difference in cycle times for left and right leg, indicating the degree of 'limp' of the patient. With more sophisticated techniques one can subdivide this time down into the duration of the period in which the foot is in contact with the ground, the stance phase and the swing phase.
Subjectively viewing an individual from the front enables one to assess differences in locomotive capacity by virtue of the amount and the symmetry of lateral movement undertaken. Alternatively, one can measure the linear or angular displacements of targets on the foot, ankle, knee and hip by cine camera or television camera. Fig 3 shows the variation with time of the vertical displacements of such markers and interpretation of these is obviously complicated. Linear or angular measurements can be presented in many other ways but, except where they indicate limits to joint angulation, they themselves are only symptomatic.
Without surgical intervention the force which can be developed in body structures can only be assessed by its external manifestation. In walking, one can arrange that the patient travels along an area where the forces developed between groups and foot can be measured. The vertical components of force on left foot and right foot are measured in this way by the device developed by Skorecki and used in Wrightington Hospital by Charnley. This enables a scientific record to be developed which can be compared with those of the same patient at different stages in his course of treatment. This is a useful quantitative measurebut the ground to foot force is not the force at the arthritic joint and therefore even this force measurement is symptomatic. Similar types of measurement are possible using the loadmeasuring sandals developed by Scales at the Royal National Orthopedic Hospital in Stanmore. These allow the patient to walk in a less closely confined area and yet give records of the loading developed between the ground and the foot.
In a research laboratory it is possible to measure both ground to foot force and limb configuration. This information may be presented as in Fig 4, which shows the relationship between the line of action of the resultant ground force and the joints between the limb segments. The closer the line of action to the axis of the joint the smaller the muscular or ligamentous force necessary to balance it and, therefore the lower the force in the muscle and in the joint. This type of assessment can therefore supply data more immediately relevant to the pathological condition. TO, toe off. HS, heel strike
In the Bioengineering Unit at Strathclyde measurements have been made on patients before and after surgery in order to assess the affect on the locomotion of implanted hip joint replacements. Typical before and after results are shown in Fig 5 in respect of the moment or turning action transmitted at the hip joint of a patient. These are shown plotted to a base of time. Obviously the surgery improved the capacity of the patient to transmit load on the affected side and, in this case, there was not much difference in the loading on the unaffected side.
Studies are under way to acquire information covering various aspects of joint replacement of this type, since the possibility must be considered that the improvement in function at one joint following surgery or treatment may result in overloading the contralateral or adjacent joint, although it was adequate under the previous conditions.
The patient with cardiovascular disease as well as other disability is particularly sensitive to those changes in his locomotor condition which affect energy consumption. It is, however, particularly difficult to measure energy consumption. The conventional systems of respired gas analysis are generally unsuitable for application on patients having impaired metabolic capacity. One can, from measurement of external force and displacement, assess the mechanical work done by the muscles acting at particular joints in the body. This, however, would take no account of the inefficiency of the muscle as an energy converter or of the ever-present possibility of waste of energy due to antagonistic muscle action.
In conclusion, although a wide range of measurements can be made of various quantities pertaining to locomotion, no simple measurements allow diagnosis and assessment of the basic factors causing disability.
Dr R Langton Hewer (Department ofNeurology, Frenchay Hospital, Bristol BSJ6 ILE)
Quantification of Strokes
The term 'stroke' is somewhat inexact, for a large number of different neurological deficits can be produced. For the purpose of this discussion I shall adopt the definition used in the World Health Organization Epidemiological study: 'rapidly developed clinical signs of focal or global disturbance of cerebral function lasting more than 24 hours, or leading to death, with no apparent cause other than a vascular one'. I shall deal mainly with the hemiplegic stroke, remembering always that hemiplegia is but one manifestation of brain damage.
First I shall look briefly at the size of the disability problem in the community. Examination of the literature shows plenty of studies indicating the total incidence of stroke and these studies usually give data about death rates, sex, age, &c. There is, however, almost no published information about the incidence of disability resulting from cerebrovascular disease. For this reason we have, in Bristol, been doing a small study in an attempt to get some basic information. The study is being undertaken with the collaboration of twenty-two general practitioners in east Bristol and we are looking at the incidence of stroke in the population of 47000 covered by these practitioners. During the first two years of this study there were 173 strokes according to the definition given. The death rate at three months was 45 %. There was partial or complete paralysis of one side of the body three weeks after the onset of the stroke in 54 (31 %). It appears that for a city of half a million, approximately the size of Bristol, there would be nearly a thousand strokes
